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ABSTRACT

The didillaion columns are conddered as one of the most criticd components in oil refineries, ingtalations for
processing of gases ad chemical plants. The performance of the industria plant depends on the ability of these
columns to work as they were projected. The gamma scanning technology has been applied on the examinations
of these process columns routindy. The process monitoring performance and efficiency is carried out by dtaff
highly specidized and well trained, technologists and engineers of the technologicd evduation group from
TRICOM and the Radiation Technology Center, a IPEN/CNEN-SP. The column scan technology applies a
radicactive source of cobdt-60, which emits gamma radigtion. The intendty of the seded source is much
reduced, when compared with others non-destructive testing diagnosis techniques. The source holder is
projected with radiologica security characteristics to assure that the exposition for the group of inspection, steff
of the plant operation and the public does not exceed the permissible limits recommended by the regulatory
authority — Brazilian Nuclear Energy Commission - CNEN, as well as for the loca procedures a the company.
The am of this paper is to present the involved aspects of radiologica safety in performance tasks carried out by
the technologica eva uation group, which applies the gamma scanning technology in Brazil.

1. INTRODUCTION

Petrochemicd and chemicd process indudries are the main users and bendficiaries of the
radioisotope  technology. Redioisotope techniques ae very competitive and ae largdy
goplied for troubleshooting and process andyss of technicdly complex, continuowdy
operdting indugrid plants The success of these gpplicaions is atributed to their unique
adlity to provide informaion which otherwise canot be obtaned by dtenate
techniques[1] .

Gamma scaning of columns vessdls and pipes is one of the mgor radioisotope seded
source technique. This largely used technique to obtan a dear indde view of processng
equipment for process troubleshooting without the extensve costs of a shutdown. These ae
mos usful online ad non-invedve techniques to troubleshoot and  optimize  unit
performance.



Gamma scanning technology has been gpplied on the examinaions of process columns
routindy. In oil refineries, inddlations for processng of gases and chemicd plats, the
didillation columrs are conddered as one of the mogt criticd components Figure 1 shows
typicad ddillaion coumms. The performance of the indudtrid plant depends on the ability of
these columns to work as they were projected.

Figure 1. Digtillation columnsin chemical plant.

A ganma scan is a cod effective solution to many refinery problems, chemicd and gas
plants. When scanning a didillation column or a dmilar vessd, deductions can be made
regarding possble mechanica damege of trays indde the unit, as well as regard to certain
operationd conditions in the unit, such as flooding, blockeges weeping and other process
anomdies. On the other hand, the process and maintenance engineers can use the results from
a ganma scan to veify theories, diminae scenarios or introduce previoudy unknown
possihilities in didtillation column troubleshoating.

The am of this pgper is to present the involved aspects of radiologica safety in performance

tasks caried out by the technologica evauation group, which goplies the gamma scanning
technology in Brazil.

2. GAMMASCANNING OF DISTILLATION COLUMNS
Gamma scaming of columns, dso known as column scanning or bwer scanning is a rdigble
and safe method of characterizing operating conditions in a column. It is a method of viewing
the process fluids, which is non-invasive to the process and equipment.

The column scaming technology gpplies radioactive sources with high energy  gamma-rays
from cobdt-60 or cesum-137, which emit gamma radigtion. The activity of the seded source
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is much reduced, when compared with other non-dedtructive testing diagnods techniques.
When scanning a didillation column, a smdl suitably seded gamma radiation source and a
radigtion detector [Nal(Tl)] are moved concurrently in smdl increments on oppodte Sdes
aong the exterior length of the vessel and does no require any preparaion by plant personnd.

A rdaive dengty profile of the column contents is thus obtained. Areas containing relatively
high dengty maeid (such as liqud andlor metd) provide a rdaivey low intensty of
trangmitted radiation, while aeas of rdaivey low dengty (vapors spaces between trays)
result in ahigh intengity leve.

The source holder is aso projected with radiologica security characterigtics to assure that the
radigtion exposures for the ingpection group, plant operation staff and public people do not
exceed these pamissble limits recommended by the regulatory authority — Brazilian Nuclear
Energy Commisson— CNEN, aswedll asfor the loca procedur es at the company [2].

2.1. Column Examination

The process monitoring, work performance and production efficiency are evauated applying
ganma scaming technology. This nondestructive tesing (NDT) dso cdled nondestructive
evduaion (NDE) and nondesructive ingpection (NDI) is caried out by doaff highly
goecidized and well traned, such as the technologits and engineers of the technologicd
evauation group from TRICOM and the Radiaion Technology Center, a IPEN/CNEN-S.

Comparing column mechanicd drawings with rddive dendty (gamma absorption) profile, a

number of common mafunctions in trayed or packed columns can reedily be determined
Some of which are summarized in the Table 1 [3].

Table1l. Common malfunctionsin columns.

Column Problems Malfunction Descriptions

= Digplaced or dameged trays, demister pads and packing;
= Corrogon reaulting in partid tray damege;
, = Missing, collgpsed or buckled trays or manways,

Mechanica - Outof-place licgid or vapor disributors

= Levd ocontrol problems on chimney trays or base liquid
leve.

= Entranment-dight, moderate, severe, jet flooding;

= Weeping or dumping trays

How Rate = Dry or flooded trays due to loading conditions;

= Unequd liquid levds on trays and in pating boxes
troughs and collectors.

= Foaming on trays o in reboles condensas and
accumulators

Process = Baddidribution of vepor and liquid in pecking

= Liguid had-up dueto plugging and fouling

= Superhested or subcooled feed or reflux.
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2.1.1. Radiological Safety Aspects

Column scan procedures use sedled radioactive sources, which emit gamma radigtion. The
source holdes are desgned with in-built radiologica safety festures to ensure that maximum
effective dose for the ingpection team (20 mSviyear), plant operdion staff and public people
(1 mSviyear) do not exceed these peamissble limits recommended by the regulaory
authority, Brazilian Nuclear Energy Commisson— CNEN [Z].

The practicd parameters on radiaion protection for gamma scan procedures ae time,
digance, shidding and prevention of radioactive source access, when it is pogtioned dong
the exterior length of the didillation column, Redioective fadlity in operation should have in
place an effective program for monitoring occupationd exposure to radigion of these
employees.

The use of portable gauges can present additiond hazards if they are not used safey. It is not
possble to utilize interlocked shutters to shidd the radioective source and, therefore, care
must be taken to avoid irradiate people when the primary beam is exposed [4]. Prevention of
source access may be not dways posshle by usng physcd bariers S other means must be
used such as edablishment of a controlled area, use of portable barriers and suitable warning
notices.

3. RESULTSAND DISCUSSIONS

Prior to dating the gamma scan procedures, the ingpection group had aways needed a safe
work permisson from the petrochemica or chemicd company, to access the plaform top
with specifics equipment, sealed sourceand mechanica drawings of the didtillation column.

The redrict area for gamma scaming experiment was cadculated by equetion (1), took into
account the limits recommended by the regulatory authority :
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Where,

H: perimeter dose rate (ndv/h);

G gamma-ray constant for specific source (WBv.nf/GBg.h);
A sedled source activity (GBg) and

d: restrict distance from the column (m).

The Figure 2 shows typicd scaning profiles of ddillaion coumns caried out in
petrochemicd and chemicd companies by the technologiss and enginers of the
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technologica evduation group from TRICOM and the Rediaion Technology Center, a
IPEN/CNEN-SP. The results of the gamma scanning goplying cobdt-60 seded sources
(activities from 05 GBq to 6.5 GBg) could be immediatdy discussed with process engineers
s0 that they had dways taken actions to optimize the columns performance

The individud effective dose for the ingpection team, after each gamma scan procedure hed
not exceed 10 pSv; messured by cdibraied and dgitd display dectronic pocket dosmeters
mede by Aloka modd PDM-273, gamma energy response above 20 keV and range from
10 pSv to 999 pSv. The radioprotection officer a IPEN/CNEN-SP had dso used a
cdibrated Geiger-Mller radiation detector; modd 6150 ADS, meade by Automess, with dose
rate measurement from 0.1 n®v/h to 1.0 Sv/h.
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Figure 2 Scanning profile of a digtillation column.
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4. CONCLUSIONS

The following conclusons were reacted by andyds of the gamma scan procedures in
petrochemica and chemicad companies by TRICOM and IPEN/CNEN-SP in Brezil:

a. Gamma scan procedure is a nondedtructive testing and a smdl subsst of the many
goplications of radioisotope technology find out in petrochemicd and chemicd
companies The techniqueis sraightforward, quick, sendtive, unambiguous and safe

b. The reslts of the gamma scanning can be immediady discussed with process
engineers, whose has dways taken actions to optimize the columns gerformance;

c. An gopropriate storage facility is necessary when the radioactive seded sources need
to be stored in safety and security place when they are not been used for gamma
scanning experiments, and

d. The indvidud €ffective dose for the ingpection group, after each gamma scan
procedure has not exceed the pemissble limits recommended by the regulaory
authority, Brazilian Nudear Energy Commisson - CNEN.
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